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We demonstrate the growth of epitaxial Fe/Ba(Fei_a;Co2:)2As2 (Fe/Ba-122) bilayers on MgO(OOl) and 
LSAT{001) single crystal substrates using Pulsed Laser Deposition (PLD). By exploiting the metallic na- 
ture of the FeAs tetrahedron in the Ba-122 crystal structure, we achieve a coherent interfacial bond between 
bcc iron and Co-doped Ba-122. Tc values for both bilayers were close to that of the PLD target. Direct ob- 
servation of interfacial bonding between Fe and the Ba-122 FeAs sublattice by atomic resolution transmission 
electron microscopy implies that this bilayer architecture may work for other iron pnictide systems and pave 
the way for the fabrication of superconducting/ferromagnetic heterostructures. 
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Rapidly following the discovery of superconductivity in 
the AE(Fei_^CO::,)2As2 (AE-122, AE = AlkaUne Earth) 
systerrP^ thin films were produced to probe the funda- 
mental properties of and assess potential applications for 
these unique materials^ However, difficulties over- 
coming the poor metal/oxide bond at the interface of 
many substrates has necessitated the need for significant 
optimization of the deposition parameterJ^ES! as well as 
the use of various intermediate layer^ to produce well- 
textured films. In spite of these efforts, nearly all of 
these films contain an unintentional amorphous or iron- 
containing layer at the interface. While the nature of 
this interface is not yet fully understood, the disruption 
of local crystallographic ordering associated with it pre- 
cludes the use of these films for interface-sensitive ap- 
plications such as multilayers or heterostructures where 
coherent and chemically inert phase boundaries are re- 
quired. Moreover, it may be responsible for the chal- 
lenging growth of epitaxial Ba-122 films in general^ ^ as 
well as the generation of pinning-active columnar defects 
observed to originate at this interface in some filmP. 

A careful TEM investigation of the interface be- 
tween epitaxially-grown Co-doped Ba-122 and bare 
(La,Sr)(Al,Ta)03 (LSAT) substrates revealed significant 
amounts of textured body-centered cubic (bcc) irorP. 
The orientation of this iron layer was rotated 45° in-plane 
to both the substrate and the Ba-122 phase and is the 
likely culprit for the Fe (200) reflection in XRD patterns. 
In this orientation, the (100) surface plane of iron has 
an approximately 2% lattice mismatch with the square- 
planar iron sublayer defining the FeAs tetrahedron in the 
Ba-122 unit cell and thus offers a natural location for 
metallic bonding (figure [T]). Furthermore, since the qual- 



ity of our films containing these iron regions is consis- 
tently very high, it appears to be advantageous to their 
epitaxial growth and superconducting properties. 

To investigate the nature of bonding at this inter- 
face, we deposited Fe/Ba-122 bilayers on MgO(OOl) and 
LSAT(OOl) substrates. An Fe layer of 20 nm was de- 
posited onto MgO and LSAT at 620° C using the stan- 
dard on-axis Pulsed Laser Deposition (PLD) technique in 
a 10~* mbar chamber with a 248 nm KrF laser operat- 
ing at lOHz. Subsequently, a Ba-122 layer of around 130 
nm was deposited at 700° C. We observed island growth 
of Fe in the resulting films on both substrates; however, 
considerable research on the optimization of iron thin 
film growth on MgO already existJ^I. Accordingly, iron 
on the MgO substrate was first deposited at room tem- 
perature and then heated to 700° C for the deposition of 
the Ba-122 phase under identical conditions used for the 
Ba-122 layer on Fe-buffered LSAT. 

The XRD data acquired using the Bragg-Brentano ge- 
ometry with Co Ka radiation (figure [2^) reveal c-axis 
textured growth for both iron and Ba-122 layers on MgO 
and LSAT substrates. Neither bilayer shows evidence for 
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FIG. 1. (Color online) The mismatch between the (001) sur- 
face plane of bcc iron (left) and the iron sublayer in the Co- 
doped Ba-122 unit cell (right) is about 2% . Atomic radii are 
not to scale. 
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FIG. 2. (Color online) (a) X-Ray diffraction pattern for bilay- 
ers on both LSAT and MgO in the Bragg-Brentano geometry. 
Neither bilayer shows evidence for secondary phases and both 
exhibit a strong c-axis texture. The LSAT bilayer addition- 
ally contains a second texture component evidenced by the 
Ba-122 (110) reflection, (b) Resistively measured Tc curves 
for Ba-122 deposited upon bare LSAT and MgO as well as 
the new Fe/Ba-122 bilayers. Tc,9o is 24.4 K and 24.8 K for the 
MgO and LSAT bilayers respectively, (c) Pole figure of the 
Ba-122 (103) reflection for the MgO bilayer reveals highly 
textured growth with a value of 0.95°. (d) While the 
Ba-122 (103) reflection exhibits excellent texture with a 
value of 1.17°, the additional (110) component also appears 
to be textured. (e,f) Iron on both substrates grows with a 45° 
in-plane rotation and exhibits four-fold symmetry. The addi- 
tional peak in the center of (e) arises from the (002) plane of 
the MgO substrate. All pole figures are plotted on a square 
root scale. 



secondary phases. The additional Ba-122 texture com- 
ponent on the LSAT substrate leading to the (110) peak 
in the XRD scan has a distinct epitaxial relationship to 
the substrate with (110)[001]Ba-122 || (001) [110] LSAT 
and (110)[001]Ba-122 || (001) [TlO] LSAT. As a result, two 
additional satellite peaks appear in the (103) pole figure 
near the peak for the main texture component (figure 
^). On MgO, no additional texture components could 
be identified suggesting pure epitaxial growth (figure [IJ;). 
The Ba-122 (103) reflection on both substrates exhibits 
four-fold symmetry with A0MgO,LSAT = 0.95°, 1.17° and 
(004) rocking curves reveal AwMgo.LSAT = 0.64°, 1.01°. 
In figure [2]3,f, the iron layer appears well textured on 
both substrates with a 45° in-plane rotation to the Ba- 
122 phase. 

Resistively-measured Tc values (figure [2]d) for both 
films are very high showing a Tc^go of 24.4 K and 24.8 K 
on MgO and LSAT respectively. These values are among 
the highest reported for any Co-doped Ba-122 thin film 
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FIG. 3. (Color online) (a) Bright field TEM overview of two 
faceted iron islands. Ba-122 between iron islands grows with 
(110)[001]Ba-122 || (001)[110] LSAT and (110)[001]Ba-122 || 
(001) [TlO] LSAT whereas atop the (100) surface facet, Ba- 
122 grows with (001) [100] Fe || (001) [110] Ba-122. (b) FIB 
cut imaged using a secondary electron in-lens detector on the 
MgO bilayer reveals no island growth. 



to date and are nearly equal to that of the PLD target 
used (Tc — 25.5 K as measured with a vibrating sample 
magnetometer) . 

To reveal the location of the misaligned Ba-122 on 
the LSAT bilayer as well as to elucidate the nature of 
the Fe/Ba-122 interface common to the bilayers on both 
substrates, a comprehensive Transmission Electron Mi- 
croscopy (TEM) investigation on this film was initiated. 
A TEM lamella was prepared using the Focused Ion 
Beam (FIB) in-situ lift-out technique^. The bright field 
TEM overview shown in figure |3^ confirms the nucleation 
of the (001) faceted iron islands discussed previously. Sig- 
nificantly, the (110) oriented Ba-122 component observed 
in figure [2^, d appears to grow exclusively between these 
faceted islands whereas the (001) iron surface plane pro- 
vides an efl[ective interface for the epitaxial growth of the 
Ba-122 phase, showing no misalignment of the texture 
over large sample areas. On the MgO substrate, the opti- 
mized deposition parameters for the iron layer eliminated 
any island growth as evidenced by a scanning electron mi- 
croscopy image of a FIB cross-section provided in figure 
[3]d. Consequently, no misaligned texture is observed in 
figure [2] for the MgO bilayer. 

The interface between Fe and Ba-122 was studied on 
the TEM lamella described above using High Resolution 
Scanning TEM (HRSTEM) on an FEI Titan^ 80-300 mi- 
croscope with an image Cg corrector operating at 300 kV. 
Figure |4^ shows a HRSTEM image obtained with a High 
Angle Annular Dark Field (HAADF) detector. Directly 
below, higher resolution data obtained from a different 
sample region is presented. By selecting a camera length 
of 363 mm, the atomic columns appear as bright dots 
and the crystallographic symmetry of the Ba-122 phase 
becomes evident. In the lower portion of figure |4] the lo- 
cation of atomic columns is denoted using artificial colors 
and a schematic model. The Ba-122 phase is observed 
to terminate on the upper As sublayer of the FeAs tetra- 
hedron. 

As an independent confirmation of this analysis. High 
Resolution TEM (HRTEM) was undertaken on a sepa- 
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FIG. 4. (Color online) (a) HRSTEM image of the Fe/Ba- 
122 interface. Directly below, a higher resolution image of 
a neighboring region is shown, (b) HRTEM image from the 
Fe/Ba-122 interface with an enlargement below. In both (a) 
and (b), the atomic columns appear white and are identified 
through the use of artificial coloration and a schematic model. 
The interface is highly coherent and bonding takes place di- 
rectly on the FeAs sublattice. 



rate sample region and is presented in figure |4]d. This 
image was acquired such that the atomic columns ap- 
pear as white dots, significantly easing the image in- 
terpretation. Below, the atomic positions are identified 
in the same manner as previously. Combined with the 
HRSTEM data in figure |4^, these observations constitute 
compelling evidence that the square-planar iron sublayer 
in the Ba-122 unit cell is directly replaced by the (001) 
surface plane of the bcc iron layer resulting in a coherent 
interfacial bond on the FeAs sublattice. 

The results of this study contain some wide-reaching 
implications. First, the metallic nature of and excellent 
lattice matching between the Ba-122 iron sublayer and 
the bcc iron (001) surface plane ensure that this interface 
will be highly coherent. This suggests that the epitax- 
ial growth of Ba-122 will be favorable on any substrate 
upon which a planar iron (001) facet can be grown, as 
directly demonstrated by the well-textured growth of an 
Fe/Ba-122 bilayer on MgO(OOl). On bare MgO, full 



epitaxy was not obtained due to a large lattice misfit 
of around 6% and was significantly reduced. Sec- 
ond, in addition to the excellent texture of these bilayers, 
their Tc values remain close to that of the Ba-122 tar- 
get material, thus representing a way to retain good su- 
perconducting properties in epitaxially-grown thin films. 
Third, the interfacial bond between the iron layer and 
the Ba-122 phase is directly observed to take place on 
the iron sublayer within the FeAs tetrahedron using two 
independent imaging techniques. Since the FeAs tetra- 
hedron is the one structural feature common to every 
type of iron pnictide, these results suggest that similar 
bilayer structures from other iron pnictide systems can 
be realized. Finally, the clean and coherent nature of the 
Fe/Ba-122 interface may enable the fabrication of ferro- 
magnetic/superconducting heterostructures thus paving 
the way for future studies on the interplay between mag- 
netism and superconductivity in the iron pnictides. 
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